Abstract Quality control (QC) materials are crucial for internal quality control (IQC) and external quality assessment scheme (EQAS). However, many developing countries are disadvantaged by unavailability and high cost of commercial control material. Therefore, preparing homemade lyophilized human serum will be cost effective for used as a QC material in Bhutan. We prepared lyophilized QC material using serum collected from Bhutanese volunteers. The stability of lyophilized serum was studied at 3 selected conditions by analyzing at certain intervals. The results were statistically compared with initial values. The significant p values (\0.05) were seen in glucose, BUN, ALT, total bilirubin and protein at 2-8°C but no significant difference were observed at -20°C at the end of 9 months. We concluded that, home-made lyophilized human serum prepared without stabilizers could be used at least up to 9 months if stored at -20°C and 7 months at 2-8°C. Stabilizers and additives are necessary if the materials are to be used longer than 7-9 months.
Introduction
Quality control (QC) material is important for day-totoday checking of analytical procedures to ensure reliable laboratory results from patients' sample. However, many developing countries are disadvantaged by unavailability and high cost of commercial QC materials. Therefore, home-made lyophilized human serum will be a very cost effective for use in Bhutan. Control material prepared should simulate fresh human serum in terms of matrix and concentration of analytes [1] [2] [3] [4] . It must be sufficiently homogenous, stable and non-infective. There are two main sources of QC materials, animal and human. The animal serum is disadvantageous due to matrix effect which requires supplementation with enzymes and other constituents [3] . Therefore, human serum is suitable for preparing control materials in clinical chemistry. Three types of QC materials can be prepared, Frozen serum [5, 6] , stabilized liquid serum [7] [8] [9] and Lyophilized or freeze dried serum [3, [10] [11] [12] . Frozen serum is of less useful in developing countries where there is transportation problems and where the laboratories do not have deep freezer. The chemically stabilized QC material gives rise to matrix effect and commutability problems due to interferences [13, 14] . Therefore, lyophilized serum is widely used in clinical laboratories. It is stable for 1-2 years when stored at 2-8°C and several years at -20°C or bellow. Some studies have shown its superiority of lyophilized serum over liquid control in terms of precision [15] . Study on lyophilized human serum without additives elsewhere concluded that their samples were suitable up to 5 months but there was loss of about 39 % of the glucose at the end of 5 months. We intended to study the stability of home-made lyophilized human serum without additives and stabilizers. We outline the durability of the home-made QC material and estimated the loss of activities at the end of the study. The information would be useful for the establishment of national EQAS in Bhutan Fig. 1, 2 , 3, 4 and 5.
Materials and Methods
Serum was obtained from 15 healthy volunteers in Bhutan. Samples were tested for antibodies against HIV and HbsAg which were declared negative. Serum from each donor was pooled and obtained total volume of about 500 ml. Pooled serum was processed, adjusted the levels, dispensed into 3 ml vials and lyophilized for 18 h. 10 % of the vials containing lyophilized serum were tested for homogeneity using standard statistical procedures. To study the stability at three different conditions, 10 % of the vials were randomly selected and divided into 3 groups and stored at room temperature, 2-80°C and -20°C. At the end of each storage period, they were taken out, reconstituted and analyzed in the 3rd, 5th, 7th, 8th and 9th month after the date of preparation. Each of the samples was analyzed in duplicates. At the end of 7 and 9 months, means of the duplicate were compared with mean of the results of the initial values. We used SPSS program to test for equality of variance by Levene's test and t test for equality of the means with 8 degrees of freedom at 95 % confidence interval. The mean of the four analytes (glucose, BUN, ALT and total protein) showing the p values \0.05 (Table 1) at 2-80°C were plotted on the linear graph. The purpose was to examine for the deviation and differences from initial values and results from the sample stored at -15 to -20°C. The percentage change in concentration of each analyte after seven and 9 month of storage period was computed for the sample stored at all the 3 conditions. The results of all the analytes stored at room temperature which was analyzed in 3, 5, 7, 8 and 9 months of storage period were compared with the initial values. (Table 2) . At 2-8°C, the significant p values \0.05 were seen in glucose (0.01), BUN (0.04), ALT (0.00), total bilirubin (0.03) and total protein (0.03). The percentage changes in concentration of analytes in sample stored at all three conditions for 7 and 9 months were compared against initial values (Tables 3 and 4) . At 2-8°C, the maximum changes were shown by ALT (decreases by 15 %) and total protein (increased by 12 % at the end of 9 months. Our samples stored at room temperature showed time and temperature dependent changes characterized by marked increase or decrease in concentration (Table 5) .
Discussion and Conclusion
We carried out stability tests for the sample stored at 3 chosen conditions. The results were statistically compared with the initial values from homogeneity tests. From the statistical results using SPSS program, p values \0.050 were obtained for glucose, creatinine, ALT and total protein for the sample store at 2-8°C. There are many literatures describing the instability of the biological compounds in lyophilized and liquid serum stored at various temperatures [18] [19] [20] [21] . Since we prepared our control material without additives and stabilizers for glucose and enzymes, the slight decrease in glucose levels could be due to degradation by microbial agents during the storage [19, 20] . Increase in creatinine may be attributed to the formation of pseudocreatinine in Jaffe's reaction [20] . Decrease in ALT level (depicted in the graph) could be due to the loss of enzyme activities in prolonged storage and the interference by LDH on ALT should also be considered [17, 20] . Gradual decrease in total bilirubin could be due to photo degradation of bilirubin during storage [20] . The increase in protein levels could be attributed to the liberation of free proteins from the glycoprotein and increase bacterial activities could produce some enzymes and other microbial products that would contribute in increasing the protein levels [20] . The variety of statistical approaches used to assess stability also affects the stability results. It has been reported that about 5 % of the results are expected to show instability due the choice of the statistics [16] . Therefore, recommended alternate approaches to using statistics in order to provide useful information depending on the nature and frequency of the measurement. Our samples stored at room temperature showed time and temperature dependent changes characterized by marked decrease in glucose, AST, ALT, total bilirubin and increase in creatinine and total protein. These changes are expected for the samples stored at room temperature as described in many literatures [18] . Our results showed that the lyophilized QC serum prepared in-house could be used up to 7 months if stored at 2-8°C and up to 9 months at -20°C without significant change in concentration except total protein. Stabilizers and additives are required if the samples need to be stored longer than 9-10 months. The study was supported by the ministry of Health, Thimphu, Bhutan. 
